Background: The association between physician-directed goals of care discussions (GOCDs) and the use of aggressive interventions in terminally ill patients has not been well characterized in the literature. We examined the associations between the timing of physician-directed GOCDs in terminally ill patients and the use of aggressive interventions, probability of dying in the inpatient setting, and intensive care unit (ICU) utilization. Methods: This retrospective cohort study included patients admitted to our urban community hospital in 2015 who had a terminal diagnosis on admission and either died on an inpatient unit or were discharged to hospice. The primary independent variable was the number of days from admission to GOCD, expressed as a proportion of the patient's length of stay (LOS). We used robust variance Poisson and zero-inflated negative binomial regression, as appropriate, to estimate the associations between goals of care timing and risk of having an intervention, risk of dying in the inpatient setting, odds of ICU admission, and ICU LOS. Results: A total of 197 cases were included. After adjusting for age, language, gender, insurance, dementia, and decision maker (patient versus surrogate decision maker), later GOCD was significantly associated with greater risk of having an aggressive intervention (risk ratio [RR] ¼ 1.04, 95% confidence interval [CI] ¼ 1.02-1.06), greater risk of death as an inpatient (RR ¼ 1.04, 95% CI ¼ 1.02-1.06), and greater odds of ICU admission (odds ratio ¼ 1.19, 95% CI ¼ 1.02-1.39). Conclusion: Later GOCDs were associated with greater risk of aggressive interventions and death as an inpatient and greater odds of ICU admission. Goals of care discussion should be done routinely and early during the hospitalization of terminally ill patients.
Introduction
Medical advancements over the past several decades have expanded the availability of lifesaving and life-sustaining interventions, enabling medical providers to not only change the natural course of disease but also to intervene on the process of dying. Several studies have shown that patients and/or their decision makers prefer less aggressive care at the end of life (EOL), [1] [2] [3] [4] [5] [6] [7] [8] [9] whereas additional studies have found an association between more aggressive care and lower quality of EOL. 7, 9, 10 Despite this, many terminally ill patients continue to die in the hospital, often after enduring prolonged intensive care unit (ICU) stays and/or invasive life-sustaining interventions. In 2010, about one-third of the approximately 2.5 million deaths in the United States occurred in hospitals, 11 and 47% of deaths in 2001 were preceded by an ICU stay. 12 This discordance between patient preferences and the routine course of hospital care is an area of concern and increasing interest.
In response to these concerns, efforts in recent decades have sought to expand and improve the use of physician-directed discussions with terminally ill patients and/or their surrogate decision makers in order to understand and implement the patient's goals of care (GOC) in advance of their death. The 1995 Study to Understand Prognoses and Preferences for Outcomes and Risks of Treatments (SUPPORT) study, a randomized controlled trial aimed at improving EOL decision-making and reducing invasive EOL interventions, concluded that despite the ability of healthcare providers to accurately predict approximate date of death, discussions and decisions related to GOC substantially in advance of death were uncommon. Nearly half of all do-not-resuscitate (DNR) orders in the SUPPORT trial were written within 2 days of death, and the final hospitalization for half of patients included more than 8 days in generally undesirable conditions, such as being in an ICU, on mechanical ventilation, or in a coma. 13 The Palliative Care Information Act, which came into effect in New York State in February 2011, mandates that attending health-care practitioners provide information and counseling to terminally ill patients regarding palliative care and appropriate EOL options. 14 Additional studies have since been conducted evaluating the impact of goals of care discussions (GOCDs) on end-of-life care (EOLC), 1, 2, [8] [9] [10] [15] [16] [17] and with few exceptions, GOCDs appear to be associated with better quality of EOLC. Goals of care discussions have been linked to fewer aggressive measures at EOL, [8] [9] [10] 18 greater concordance between preferences for care and delivered care, 10, 15, 19, 20 fewer in-hospital deaths and greater use of hospice, 1, 8, 10, 18, 19, 21 and decreased use of critical care, 8, 22 including fewer ICU admissions and shorter ICU length of stay (LOS), fewer overall hospitalizations, and lower health-care costs. 9, 10, 19, 23, 24 To our knowledge, there is a paucity of data regarding the impact of the timing of GOCD during the patient's hospital stay on EOL outcomes. For instance, a decision made too late in the course of a terminal illness may not allow patients to avoid undesired interventions or to make arrangements for hospice. The goal of this study was to explore whether physiciandirected GOCDs occurring earlier in the stay of terminally ill patients admitted to our hospital were associated with better quality of EOLC compared to patients whose GOCDs occurred later in their hospital stay. Specifically, we explored whether having GOCDs earlier in a patient's hospital stay was associated with fewer aggressive interventions, lower probability of dying in the hospital, lower probability of being admitted to the ICU, and/or shorter ICU stay.
Methods

Study Design
We conducted a retrospective cohort study of patients who were admitted to NYU Lutheran Medical Center, a 450-bed teaching hospital in Brooklyn, New York, in the period of April through November 2015. Patients were included in the study if they (1) died while admitted or were discharged to hospice after admission and (2) had a terminal illness, defined as a diagnosis that would estimate the life expectancy of the patient as 6 months or less, assuming the disease will run its normal course. Disease-specific criteria used for terminal diagnoses are provided in Table 1 . We excluded patients who were admitted from hospice and patients who died on the day of admission.
Because electronic medical records (EMRs) did not have a standardized system to record GOCDs, we considered a GOCD to have occurred if a discussion of a patient's wishes for EOLC was documented in the notes. We did not consider prepopulated text including ''DNR discussed'' or ''#GOC'' as GOCD. For GOCD documentation vague in nature, the clinical team members (M.G., R.N., V.S., and J.C.) discussed the case and determined by consensus whether it qualified as a GOCD. Additional data abstracted from the charts of eligible patients included demographic information (age, ethnicity, cause of death, comorbid conditions, and insurance status), date of GOCD, decision maker (patient vs substitute decision maker), primary language of the decision maker, and history and date of aggressive interventions, including cardiopulmonary resuscitation, mechanical ventilation, tracheostomy, central venous catheter placement, hemodialysis, and percutaneous endoscopic gastrostomy tube placement, as well as ICU admission, ICU LOS, hospital LOS, and hospitalization in the past 30 days prior to index admission.
Data Analysis
In order to measure timing (earlier vs later in stay) of GOCD relative to the patient's total LOS, we constructed a variable by dividing the number of days from hospital admission date to GOCD date by the total number of hospital days. To aid interpretation, we multiplied this variable by the sample mean number of hospital days (12.3 days), so that each unit represents 1 elapsed inpatient hospital day before GOCD for a patient with an average LOS. This variable served as the primary independent variable for all regression models.
We hypothesized that a greater number of inpatient days prior to GOCD would be associated with a greater risk of dying as an inpatient. To test this hypothesis, we constructed a Poisson regression model using robust error variance (termed modified Poisson regression) to directly measure the adjusted risk ratio (RR), 25 with dying as an inpatient as the dichotomous dependent variable. We also hypothesized that a greater number of inpatient days prior to GOCD would be associated with a greater risk of using any of the aggressive interventions defined above. To maximize statistical power, aggressive interventions were combined into a single dichotomous variable that served as the dependent variable in another modified Poisson regression model.
Finally, we hypothesized that a greater number of inpatient days prior to GOCD would be associated with (1) a greater likelihood of being admitted to the ICU and (2) a greater number of days spent in the ICU. Health-care utilization variables are generally right skewed, heteroskedastic, and may be overdispersed. 26 Initial analysis revealed that the data were overdispersed for a Poisson model and that the number of zeros likely exceeded the assumptions of standard count models. Therefore, we used a zero-inflated negative binomial regression model with ICU stay (including zeros) as the dependent variable to test the hypothesis that GOCD later in stay was associated with a greater ICU usage. This model allowed us to simultaneously estimate (1) the odds ratio for spending any days in the ICU and (2) the incident rate ratio for days spent in the ICU for patients who used the ICU.
Because we used a nonrandomized design, a number of factors would be expected to confound the associations. We defined confounders as variables that, in theory, could cause (or serve as a proxy to a cause of) both the exposure and the outcome and which did not lie on the causal pathway between the exposure and the outcome. 27 Because GOCD is generally provider initiated, the factors that could influence GOCD timing would include practical and psychosocial barriers to provider initiating GOCD. 28 The language in which the GOCD was conducted could influence when the GOCD occurred because languages other than English may necessitate involving an interpreter and may also serve as a proxy for cultural factors, such as ethnicity and religion. Older patients may be less likely to receive life-sustaining services, and age may also affect providers' choices around GOCD timing. Insurance status affects health-care utilization in numerous ways and serves as a proxy for socioeconomic status. Whether the patient or surrogate was the decision maker in the GOCDs is likely also an indicator for health status. We also chose to include dementia in our models because patients with dementia have been observed to be less likely both to have a GOCD and to receive aggressive EOLC. 29 Gender was included in models because of its wide-ranging health and social implications, and we chose not to include race/ethnicity or religion to avoid collinearity, as these factors were strongly correlated with language of GOCD. We included all of the above variables in each of the regression models. Statistical analyses were conducted in R statistics version 3.2.4. 30 This study was approved by the institutional review board of NYU Lutheran Medical Center.
Results
Our sample consisted of 197 cases meeting inclusion criteria. Table 1 illustrates demographic information of the sample. Age ranged from 28 to 100 years, with the mean (standard deviation [SD]) age being 79.5 (+13.9). The sample represented a variety of racial groups, including 58.9% white, 14.2% Hispanic, and 13.7% Asian patients, with genders divided between 48.7% male and 51.3% female patients. Sixty-six percent of the sample identified their religion as Catholic. The most common terminal diagnoses were cancer (35%), dementia (28.4%), cerebrovascular accident/coma (23.4%), and congestive heart failure (21.3%). In addition, one-third of the patients in the sample had been hospitalized within the 30 days prior to final admission at NYU Lutheran. Aggressive interventions occurred 3 or fewer days from expiration or discharge to hospice in 31% of the cases (data not shown).
Goals of care discussions were documented in 91.4% of cases. The GOCDs occurred in the first half of admission in 58.4% and in the second half of admission in 33.0% of cases. Among patients who had documented GOCDs, EOLC decisions were made by someone other than the patient in 88.9% of cases. Aggressive interventions had been used in 70.6% of cases reviewed, and the most common interventions were central line placement (50.8% of sample) and intubation (47.2%). In our group of terminally ill patients, most died in the hospital: 60.9% died as inpatients with no plan for hospice discharge, 20.8% died as inpatients awaiting hospice placement, and only 18.3% were discharged to hospice ( Table 2 ). The mean length of hospital stay was 12.3 days (SD +16, median ¼ 8), and nearly two-thirds of the sample (60.9%) spent 1 or more days in the ICU during their stay (data not shown).
In crude analysis, for each additional day from admission to GOCD, there was a 5% greater risk of death as an inpatient (95% confidence interval [CI] ¼ 1.03-1.08, P < .0001, data not shown).
Crude results of patient disposition by GOCD timing are presented in Figure 1 . After adjusting for possible confounders, there was a 4% greater risk of dying as an inpatient for each additional day from admission to GOCD (95% CI ¼ 1.02-1.06, P < .001; Table 3 ).
The number of days from admission to GOCD was associated with a higher risk of having an aggressive intervention. In crude analysis, for each additional day from admission to GOCD, there was a 5% greater risk of having any aggressive intervention (95% CI ¼ 1.02-1.07, P < .0001, data not shown). After adjusting for possible confounding variables, for each day from admission to GOCD, there remained a 4% greater risk of having any aggressive intervention (95% CI ¼ 1.02-1.06, P < .001; Table 3 ).
In crude analysis, timing of GOCD did not significantly predict admission to the ICU or number of days spent in the ICU. However, after adjusting for possible confounding variables, for each additional day from admission to GOCD, there was a 19% greater odds of being admitted to the ICU (95% CI ¼ 1.02-1.40, P ¼ .0278; Table 4), and there was no statistically significant relationship between GOCD timing and overall ICU LOS.
Discussion
Our study found that later GOCDs were associated with a greater likelihood of the patient undergoing aggressive interventions, dying in the inpatient setting, and being admitted to the ICU. Each additional day from admission to GOCD was associated with a 4% increased risk of aggressive interventions and death as an inpatient and 19% greater odds of ICU admission. Goals of care discussions were documented in the vast majority of cases but occurred during the first half of admission in less than two-thirds of cases. The majority of patients in our study died as inpatients, one-fifth were discharged to hospice, and another one-fifth died while awaiting hospice placement.
Our results underscore the importance of having a GOCD as early as possible, particularly when a patient has been admitted with a terminal condition. Previous studies have demonstrated a link between GOCD and fewer aggressive measures at EOL, 1,2,8-10,15-17 fewer in-hospital deaths and a greater use of hospice, 1, 5, 8, 10, 19, 21 and fewer ICU admissions and shorter ICU LOS.
9,10,19,23,24 Our study's results are consistent with these findings and offer new insights into the role of the timing of GOCD within the hospital stay. The vast majority of patients did have a GOCD; however, approximately one-third of those discussions occurred in the second half of the stay and were associated with a higher risk of death as an inpatient and use of aggressive interventions. Policies that encourage GOCD as early as possible during a patient's admission (or perhaps even before admission) may improve quality of EOLC, provide cost savings by avoiding unwanted-and likely futile-measures, and facilitate hospice discharge.
Limitations of this study included a lack of standardization in the documentation and depth of GOCD in the EMR. Data about GOCD were abstracted from the patient notes field in the EMR, and the level of detail in terms of the topics discussed, and the length and quality of the discussions, varied greatly. Therefore, we were limited to examining the occurrence and date of the discussion. Additionally, the retrospective nature of this study required that inclusion was based on discharge to hospice or expiration in the hospital. Therefore, we were not able to include patients who received a terminal diagnosis at or during admission but who subsequently recovered and/or were discharged, which, along with being a single-center study, may complicate the generalizability of our findings. In addition, pain levels may have been a useful additional indicator of quality of life in individuals with terminal illness; however, we were unable to examine this variable, as pain score documentation was inconsistent in the EMR. A multicenter prospective study could overcome the aforementioned limitations, provide additional details regarding the impact of length and range of topics covered in the GOCD, and examine additional measures of quality of life such as pain scores.
One of the major strengths of our study was that the design enabled us to examine the associations between GOCD timing and multiple outcomes. Additionally, by controlling for several confounders, we were able to generate reliable data on the implications of GOCD timing on aggressive interventions and ICU LOS.
Our study illustrates the importance of early GOCD in reducing ICU LOS and use of aggressive interventions. Making an effort to initiate these discussions as early as possible can result in fewer aggressive interventions for terminally ill patients, thus ensuring care that is truly patient centered. Two interesting avenues for further research would be to evaluate Calculated as the proportion of days from admission to GOC out of total length of stay, multiplied by the sample mean length of stay in days.
the quality of GOCD in various settings and to assess the outcome of interventions to encourage GOCD between patients and their potential decision makers well in advance of the final stages of terminal illness. The incident rate ratio can be interpreted as the ratio of the number of days in the ICU and is calculated only from patients having any ICU days. For example, male patients who spent any time in the ICU spent 30% more time in the ICU than female patients.
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